INTRODUCTION
The remaining struggle after orthotopic liver transplantation (OLT) is occurrence of biliary complications, especially the non-anastomotic biliary strictures (NAS). The incidence of NAS is reported in 1-20% of patients receiving a liver donated after brain death (DBD) and can reach up to 30% in patients receiving a liver from donation after circulatory death (DCD) (1, 2) . This type of strictures, although limited to larger size bile ducts, can occur in extrahepatic as well as intrahepatic donor bile ducts. In the recent years the understanding of the etiology of development of NAS has changed towards an existing healing process that leads to revival of biliary epithelium after transplantation (3) . We recently published an article in Journal of Hepatology describing the histology of biopsies taken from the distal end of the extrahepatic bile duct of donor livers at the time of transplantation (4) . This study demonstrated the presence of severe biliary injury, characterized by loss of the lining biliary epithelium, mural stroma necrosis, as well as injury of the peribiliary glands (PBG) and peribiliary vasculature. Injury of deep PBG and peribiliary vasculature was identified as significant predictors of later development of non-anastomotic biliary strictures (NAS) after transplantation (4) . Severe injury and loss of the lining biliary epithelium is almost universally found in over 90% of donor extrahepatic bile duct biopsies taken at the time of transplantation (5, 6) . The observation that the degree of injury of PBG and vascular plexus correlates strongly with the development of NAS after transplantation suggests that insufficient regeneration of biliary epithelial lining after liver transplantation, due to destruction of the progenitor cell niche (i.e. the PBGs) and insufficient blood supply to bile ducts, is a critical component in the pathogenesis of NAS (4,7). In our previous study, as well as two other studies on bile duct histology of donor livers, biopsies could only be obtained from the distal end of the donor extrahepatic bile duct (5, 6) . It is, however, unknown whether the degree of injury at this level is representative for the degree of injury in the rest of biliary tree, including intrahepatic bile ducts. Our aim in this study was to investigate whether histological injury detected in biopsies taken from the distal end of a donor liver bile duct is representative for the degree of injury of more proximal and intrahepatic large bile ducts.
MATERIAL AND METHODS

Donor Liver Grafts
Nine human donor livers that were declined for transplantation for various reasons were included in this study after informed consent for research was obtained from donor relatives. The major reasons for declining the liver for transplantation consisted a combination of donation after circulatory death (DCD) and age of more than 60 years old, high body mass index or high level of donors transaminases. In one case the liver was donated after brain death (DBD) however the donor suffered from adenomatosis hepatis ( Table 1) .
The study protocol was approved by the medical ethical committee of University Medical Center Groningen (METc 2012.068) and the competent authority for organ donation in the Netherlands, the Dutch Transplantation Foundation (NTS).
Procurement of Donor Liver Grafts
All livers were procured by one of the multi-organ procurement teamsin the Netherlands using the standard fashion of in situ cooling andflush out of the liver graft with ice-cold (0-4°C) University of Wisconsin (UW) solution. Before the cross clamping of supratruncalaorta in the DBD case, heparin (25,000 IU) was administeredintravenously. In DCD situation, the surgical procedure started onlyafter the 5-min "no touch" period following declaration of circulatory death. In this case, heparin (25,000 IU) was added tothe first UW bag during in situ flush.
Then after all livers were packed in ice-cold UW (0-4°C) , stored in a box of ice and were transported to the transplantation center.
Histological Assessment of Bile Duct Injury
Upon arrival in the transplantation center, biopsies were taken from the distal end of extrahepatic bile duct as well as intrahepatic bile ducts at two different levels of sectoral ducts and segmental ducts (Figure 1A) . Samples were fixed in 10% formalin and paraffin embedded for further preparation for hematoxylin and eosin (H&E) staining. Injury of the bile ducts was assessed using a systematic histological scoring system as described previously (4,5) by two independent investigators under supervision of an expert liver pathologist, who were not aware of the study assigned groups.
Statistical Analysis
Continuous variables were presented as median with interquartile range (IQR). Categorical variables were presented as number and percentage. Injury of extrahepatic and intrahepatic bile duct in each liver was compared as matched pairs using paired t-test. Categorical variables were compared with the Pearson chi-square test as appropriate. P-value of <0.05 was set as the cut off for significance of differences. All statistical analyses were performed using GraphPad Prism software version 6.0 (GraphPad Software, Inc., San Diego, CA, USA).
RESULTS
All the liver grafts had a median static cold storage time of 6.7 hours (IQR: 5.3-9.3 hours) and the DCD livers suffered from a median warm ischemia time of 17 min (IQR: 14-21 min). Biliary epithelial loss of >50% of the bile duct lumen was observed in all different levels of the biliary tree (Figure 1B) . The degree of mural stroma necrosis was not different among extrahepatic and intrahepatic bile ducts (Figure 1B and C) . There was minimal injury of peribiliary vascular plexus (<50% vascular changes) in 92.5% of all the biopsies and there was no significant difference among extrahepatic and intrahepatic bile ducts (Figure 1D and E) . No signs of microthrombi were found in the peribiliary vascular plexus and only minimal intramural bleeding (<50% of the bile duct) was observed in 5% of all biopsies. The degree of injury detected in periluminal PBG as well as in deep PBG was not significantly different among the various levels of the biliary tree (Figure 1F-I) .
Severe injury (>50% epithelial loss) of the periluminal PBG was found in 40% of the livers, while severe injury of deep PBG was observed in only 6.6% (p<0.0001).
DISCUSSION
This is the first study describing the degree of histological injury of donor liver bile ducts at different levels of the biliary tree, including larger intrahepatic bile ducts. In accordance with previous studies (5, 6) , histological examination of bile ducts of donor livers after static cold preservation revealed signs of extensive injury. Op Den Dries et al. showed a strong association between severe injury of deep PBGs and peribiliary vascular plexus of the distal end of extrahepatic bile duct at the time of transplantation with later development of NAS after transplantation (4) . The current study adds important new information to the existing knowledge on biliary preservation injury obtained from studies describing the degree of injury in distal extrahepatic bile duct biopsies of donor livers (5,6) by reporting similar amount of histological injury of intrahepatic bile ducts when compared with the distal end of extrahepatic bile duct in each liver graft. These findings confirm the reliability of the extrahepatic bile duct biopsies when evaluating the injury of entire biliary tree. A limitation of this study is that the donor liver grafts used were declined for transplantation by centers within Eurotransplant region. However, the type and degree of bile duct injury observed at the level of distal extrahepatic bile duct was similar to that described before in our previous study including 128 liver grafts that were used for transplantation (5, 6) , as well as an experimental study using a porcine DCD model (8). Moreover, due to the nature of this study, which included collection of biopsies from larger intrahepatic bile ducts, there is no possibility to perform such a study in donor livers that are accepted for transplantation. Another limitation of this study is the small number of liver grafts used. Unfortunately, human livers are not available for research in large numbers.
In conclusion, the degree of histological injury detected at distal end of extrahepatic bile duct of a donor liver is also representative for the degree of injury in the proximal parts of the biliary tree, including larger intrahepatic bile ducts. This study indicates that the biopsies taken from the distal end of the donor extrahepatic bile ducts are a valuable tool in research focusing on preservation injury of donor bile ducts during liver transplantation.
